A plasmid, pIJ2000, of approximately 7.8 kilobase pairs (kb) and with a base composition of 22.4 mol % (G + C) has been isolated from the non-helical Spiroplasma citri strain ASP-1. pIJ2000 was the only covalently-closed circular DNA molecule detected in cleared ly sates of high passage cultures of strain ASP-1 following CsCl/ethidium bromide equilibrium buoyant density centrifugation. A primary isolate of strain ASP-1 contained two additional plasmids of approximately 35.4 kb and 14.8 kb. pIJ2000 contained single sites for the restriction endonucleases BgZII, HaeIII, Hind111 and XhoI arid three sites for MboI.
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A plasmid, pIJ2000, of approximately 7.8 kilobase pairs (kb) and with a base composition of 22.4 mol % (G + C) has been isolated from the non-helical Spiroplasma citri strain ASP-1. pIJ2000 was the only covalently-closed circular DNA molecule detected in cleared ly sates of high passage cultures of strain ASP-1 following CsCl/ethidium bromide equilibrium buoyant density centrifugation. A primary isolate of strain ASP-1 contained two additional plasmids of approximately 35.4 kb and 14.8 kb. pIJ2000 contained single sites for the restriction endonucleases BgZII, HaeIII, Hind111 and XhoI arid three sites for MboI.
I N T R O D U C T I O N
It was recently reported that many spiroplasmas contain plasmids of sizes between 1 5 and 40 kilobase pairs (kb) (Ranhand et al., 1980) . The number and sizes of the plasmids detected varied according to the spiroplasma examined, and this observation was confirmed in over 30 spiroplasmas (Archer, 198 1) . All spiroplasma plasmids are cryptic. There have been no reports either of curing strains or of transfer of plasmids between strains, techniques which would aid the association of phenotypic characters with particular plasmids.
As a preliminary to the determination of the functions of spiroplasma plasmids two pieces of information are presented here. Firstly, one spiroplasma plasmid (pIJ2000) has been isolated and mapped by restriction endonuclease digestion. This is an important prelude to its cloning into a more amenable host, and the subsequent introduction of suitable genetic markers to enable transfer of the plasmid between spiroplasmas to be monitored easily. Secondly, plasmid curing has been achieved by continual subculture, but this has not yet been associated with loss of phenotypic characters.
M E T H O D S
Spiroplasmas and culture. Spiroplasma citri strain ASP l(NCPPB 3095) passaged over 100 times and strain SP4.6as passaged 6 times were obtained from R. Townsend Strain SP4.6as was obtained from a single colony on agar and after triple-filter cloning was designated ASP-1 . These organisms were grown at 32 "C in a PPLO broth (Difco) medium containing 10% ( v h ) horse serum (Archer & Best, 1980) . Plasmid isolation. Spiroplasmas were harvested by centrifugation at 15 000 g for 15 min at 4 "C and washed once in growth medium lacking serum. Cleared lysates were prepared from the cell pellets by the method of Birnboim & Doly (1979) except that lysozyme was omitted. After the final precipitation of DNA in ethanol, the pellets were dried in uacuo. The D N A was dissolved in 10 mM-Tris/HCI (pH 8.0), 1 mM EDTA (TE) and 1 g solid CsCl was added for each ml of DNA solution. One-tenth volume (of the DNA solution in TE before CsCl addition) of ethidium bromide solution ( 5 mg ml-I) was then added and the mixture was centrifuged at 36000 rev. min-' in a Beckman 50 Ti rotor for 65 h at 15 " C . DNA bands were visualized under long-wave U.V. light and the lower of the two bands (i.e. that of higher density) was removed through the side of the tube by syringe. Ethidium Present address: A.R.C. Food Research Institute, Colney Lane, Norwich NR4 7UA, U.K.
Short comm un ica t ion
bromide was removed by three extractions with propan-2-01 equilibrated with saturated CsCl solution. CsCl was removed by exhaustive dialysis against TE. The volume was then reduced by covering the dialysis sac with dry Sephadex G-200. The concentration of DNA in the final solution was determined by measuring the absorbance at 260 nm, assuming that an Buoyant density of the plasmid DNA was determined by CsCl equilibrium gradient centrifugation using an MSE Centriscan 75 centrifuge. Escherichia coli DNA (provided by A. G. Hepburn) was used as a marker. The base composition was calculated from the density using the formula of Mandel et al. (1970) .
Gel electrophoresis. Gel electrophoresis was for 16 h at a voltage gradient of 1.5 V cm-' in either 0.8 or 1.2% (w/v) agarose (LE grade; Marine Colloids) in 89 mM-Tris, 2.5 mM-EDTA, 8.9 mM-boric acid (TBE). Each well was loaded with 0.5 pg DNA in a mixture containing 2.5 % (w/v) sucrose and 0.01 % (w/v) bromophenol blue. Linear and covalently-closed circular DNA size standards were run on each gel so that approximate sizing of plasmids or restriction endonuclease fragments could be made. After electrophoresis, gels were stained in ethidium bromide solution (0.5 pg ml-I) for 30 min and washed in deionized water for 15 min. The DNA bands were visualized by U.V. illumination at 302 nm on a transilluminator (model C63; Ultra Violet Products) and gels were photographed using Polaroid type 655 film.
Plasmid Reference Center (PRC) strains of E. coli (from E. M. Lederberg, PRC, Stanford University, California, U.S.A.) were used to prepare plasmid size standards by the method of Birnboim & Doly (1979) . Routinely, the range of plasmids isolated from E. coli V517 (PRC347) (Macrina et al., 1978) were used as standards but size estimates were also checked in comparison with plasmids isolated from PRC E. coli strains 102, 104, 116, 119 and 304. Linear DNA size estimates were made in comparison with the known sizes of DNA restriction endonuclease fragments of pSZ595 (Hepburn & Hindley, 1979) kindly donated by A. G. Hepburn.
Restriction endonuclease digestion. BamHI, BclI, BglII, HaeIII, HindIII, XbaI and XhoI restriction endonucleases were purchased from Bethesda Research Laboratories. ClaI, PstI, SalGI and SmaI were purchased from Boehringer Corporation and MboI from New England Biolabs. EcoRI was from S. Halford (University of Bristol) and AspAI and HgiAI were from N. Brown (University of Bristol). One pg amounts of pIJ2000 were digested in 15 pl of appropriate buffer containing 2-5 units of enzyme. After about 4 h at the appropriate temperature, digestions were stopped by heating at 70 "C for 10 min. The incubation conditions used were as follows: EcoRI -lOOmM-Tris/HCl (pH 7.2), 11 mM-MgCl,, 50 mM-NaC1 at 37 "C; HgiAI and SalGI -10 mM-Tris/HCl (pH 7.4), 10 mM-MgCl,, 10 m~-2-mercaptoethanol, 100 mM-NaC1 at 37 "C; MboI -10 mMTris/HCl (pH 7.5), 10 mM-MgCl,, 75 mM-NaC1 at 37 "C; SmaI -30 rnM-Tris/HCl (pH 9.0), 30 mM-KC1, 8 mM-MgC1, at 25 "C; XbaI -10 mM-Tris/HCl (pH 7-5), 10 mM-MgCl,, 150 mM-NaC1 at 37 "C. All other digestions were in 10 mM-Tris/HCl (pH 7.4), 10 mM-MgCl,, 10 m~-2-mercaptoethanol, 50 mM-NaC1 at 37 "C except for BcEI where the incubation temperature was 55 "C. In order to map the restriction endonuclease sites found for pIJ2000, double and triple digestions were necessary. Enzymes were used sequentially, the first being heat-inactivated before addition of the next, after suitable adjustment of the buffer. of 1.0 corresponds to a DNA concentration of 50 pg ml-l.
R E S U L T S A N D D I S C U S S I O N
Isolation of spiroplasma plasmid DNA by the method of Birnboim & Doly (1979) does not completely eliminate chromosomal DNA although residual amounts are low. Gel electrophoretograms of cleared lysates of strains SP4.6as and ASP-1 are shown in Fig. 1 , tracks A and B. Two bands present in the gel of SP4.6as were missing from the ASP-1 gel. These two were recoverable from CsCl/ethidium bromide gradients (results not shown) and were plasmid molecules of sizes 35.4 kb and 14.8 kb. The only ASP-1 plasmid recovered from CsCl/ethidium bromide gradients (Fig. 1, track C) had a size of 7.8 kb and a base composition of 22.4 mol % (G + C). This plasmid, pIJ2000, showed a 'stepladder' appearance on agarose gels, indicating that, as extracted, it exists with a variable degree of superhelical turns (Liu et al., 1980) . The SP4.6as plasmids of size 35.4 kb and 14.8 kb were lost upon continual subculture. In some gels the larger of the two plasmids appeared to resolve into two bands. It is possible that complete plasmid loss had not occurred and that a small population of spiroplasmas still contained these plasmids, but we failed to detect them. Indeed, others have found traces of plasmid in the 35.4 kb size region in high passage cultures of ASP-1 (R. Cole, personal communication) . However, it is clear that the majority of ASP-1 cells have lost the two plasmids, but association with phenotypic character loss has not yet been made. It is known that some spiroplasmas lose pathogenicity upon subculture (Townsend, 1977) , though this is Short corn in u n ,ica t io n not a result of losing the capacity to elaborate a toxin (Daniels, 1979) . The possible association of plasmid loss with strain attenuation is under further examination. The effects of 15 restriction endonucleases upon pIJ2000 were tested. Of these, BglII, HaeIII, HilzdIII and XhoI had single recognition sites (Fig. 1, track D) . The single band in Fig. 1 , track D confirms that the upper band in Fig. 1, track C is an open circular form of pIJ2000, being identical in restriction endonuclease sensitivity to all the superhelical-turn intermediates of the pIJ2000 stepladder. pIJ2000 had three recognition sites for MboI. The plasmid was not cut by AspAI, BamHI, BclI, ClaI, EcoRI, HgiAI, PstI, SalGI, SmaI or XbaI. The restriction map of pIJ2000 is shown in Fig. 2 .
Two factors presently limit the application of molecular genetic techniques in spiroplasmas: there are no suitable genetic markers on the plasmids, and there is no efficient transformation system or other system for transfer of genetic material between spiroplasmas. Transfection with virus DNA has been successful. in spiroplasmas (Cole, 1978 ; D. B. Archer & M. J. Daniels, unpublished observations) and Acholeplasma laidlawii (Liss & Maniloff, 1972) . The restriction map of pIJ2000 facilitates the introduction of selectable markers into a spiroplasma plasmid so that transfer of plasmid DNA between spiroplasmas may then be examined and plasmid functions determined.
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